A rapid reversed passive latex agglutination method that uses high-density latex particles for the detection of staphylococcal enterotoxins (SE) A to E was developed. It took 3 h for incubation, much less than the 16 h needed with a customary latex agglutination test for SE detection such as a commercial test kit (SET-RPLA; Denka Seiken Co. Ltd., Tokyo, Japan). The rapid test was shown to be highly specific and sensitive for SE detection (detection limit, about 0.5 ng of SE per ml), comparable to the SET-RPLA test. The rapid test was also efficient in SE detection in foods and culture supernatants of staphylococcal strains, similar to the SET-RPLA test. This showed that a rapid test with high-density latex particles is fully reliable for use.
Staphylococcal food poisoning outbreaks are characterized by vomiting and diarrhea and occur quite frequently worldwide. In such outbreaks, the detection of staphylococcal enterotoxin (SE) is epidemiologically essential. Various methods for SE detection have been developed and used, including gel diffusion tube or plate assays (2, 12) , a reversed passive hemagglutination method (6, 17) , reversed passive latex agglutination (RPLA) (13) , radioimmunoassay (10) , and enzyme-linked imnmunosorbent assay (14) . Of these, the RPLA method was simple and sensitive, but not as specific, because the latex particles were sensitized with nonpurified antiserum (13) . The method was improved for specificity by sensitizing latex particles with purified anti-SE immunoglobulin (4, 9, 15) . A commercial RPLA test kit, SET-RPLA, is now available from Denka Seiken Co. Ltd., Tokyo, Japan, and Oxoid Ltd., Basingstoke, England. The test presently takes 16 h for incubation. Therefore, we sought to develop a more rapid RPLA test, using highdensity latex particles. Several brands of heavy particles were tested as candidates for the method. A rapid RPLA test for SE detection was successfully developed, using a 3-h incubation time. In our study, this rapid test for SE detection in foods and culture supernatants of staphylococcal strains was compared with the commercial RPLA test, SET-RPLA.
MATERIALS AND METHODS
Bacterial strains. Staphylococcus aureus strains associated with food poisoning outbreaks were collected in this laboratory in 1987 and were used in this study.
SEs and their specific immunoglobulins. SEs (SEA, SEB, SEC, SED, and SEE) were purified chromatographically by the method of Oda (7, 8) from culture supernatants of strains that produced each toxin. Antisera were prepared by injecting the toxins into rabbits subcutaneously (4) . The specific immunoglobulins were purified by the affinity chromatography method of Yamada et al. (17) . Antisera to SEA or SEE are known to have a common antibody to both toxins and the specific one to the corresponding toxin (5 (11) , using type U microdilution plates (N-1182; Nunc, Roskilde, Denmark). Samples of food extracts and culture supernatants were diluted serially two-and tenfold, respectively. For high-density latex particles, agglutination was observed against a white background after a 3-h incubation. In the commercial test kit, agglutination was observed with transmitted light through the bottom of the plate after about 16 h of incubation. The titer of the sample was determined as described before (3) . The concentration of toxin detected in the sample was calculated by multiplying the toxin titer of the sample by the detection limit of each toxin (0.5 ng/ml). The recovery of toxin from the sample was determined as a ratio of the concerntration of toxin detected in the sample (10 ml of food homogenate) to that in the control (10 ml of PB).
RESULTS
The rapid RPLA test was evaluated for SE detection, compared with the commercial test kit (SET-RPLA).
Type specificity and sensitivity for SE detection of the rapid RPLA test. Each purified SE (SEA through SEE) dissolved in PBS was analyzed for specificity and sensitivity of the RPLA method with high-density particles. Each sensitized latex particle was specific for the corresponding toxin type only, similar to SET-RPLA. The sensitivity for detection of each toxin was about 0.5 nglml, equal to that of SET-RPLA. These data showed that the test was highly specific and sensitive for the detection of SEs, similar to the commercial test kit.
Detection of SE in foods by the rapid RPLA test. SEs added to food homogenates were assayed by the rapid method (Table 1 ). In many kinds of food, SE was mostly recovered by the rapid test, similar to the commercial test kit. The sensitivity of detection of each SE in food homogenates by the rapid test was about 0.5 ng/ml (1 or 1.5 ng/g of food). With most cooked beans, both RPLA methods showed nonspecific reactions. In all food homogenates shown in Table 1 , SEs adjusted to a concentration of <1 ng/ml could not be detected by either test.
Detection of SE in culture supernatants by the rapid method. SE production of strains associated with staphylococcal food poisoning outbreaks was analyzed by the rapid test. Some of the results are shown in high-density particles except those sensitized with anti-SEB; the sample had a weak reaction to a 10-fold dilution (i.e., 20 ,ug/ml) of protein A with anti-SEB-sensitized particles only. The same phenomenon was observed with anti-SEB-sensitized particles of the commercial test kit. However, no culture supernatant of staphylococcal strains, including Cowan I, had a nonspecific reaction by either RPLA methods.
DISCUSSION
An RPLA method has several advantages at present, including (i) high specificity and sensitivity, (ii) simplicity (no need for complicated procedures or expensive equipment), and (iii) economy (3, 11) . The disadvantage of the test is that it is time-consuming (about 16 h for incubation). Thus, we wanted to develop a rapid RPLA test that uses high-density particles. We successfully developed a rapid RPLA test requiring a 3-h incubation.
In 
